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C BY-NC-Abstract Utilization of CdSe nanoparticle suspension for latent ﬁngermarks on a multitude of no-
porous and semi-porous surfaces has been demonstrated in this paper. Whether it’s dark or light, the
color of adhesives has no effect on the results of developing, because of the strong ﬂuorescence
excited by irradiation with UV LEDs. Enough contrast could be obtained for imaging. As an
effective stabilizer for suspension which is commonly used in ﬁngermark developing, Tween 20 with
different concentration was also applied for better results. However, it did not work for nanometer-
sized particles, which have already been stable in suspension. To broaden the scope of its application,
different excitation systems were adopted. Well-contrast images could be obtained when 365 nm UV
light, 440 nm blue light and daylight were applied. TiO2 SPR (small particle reagent) and gentian
violet were used to compare with CdSe nanoparticle suspension under daylight. The results indicated
that it produced signiﬁcantly less background development and better contrast.
ª 2014 King Saud University. Production and hosting by Elsevier B.V.0 4122 9006.
com.cn, rqyang1971@yahoo.
y. Production and hosting by
Saud University.
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ND license.1. Introduction
As a permanent topic in the ﬁeld of forensic science, ﬁnger-
mark development has attracted many researchers and their
efforts since the early beginning of last century. Many effective
methods have been explored and played an important role in
the history of crime investigation (Luna, 2005; Choi et al.,
2006, 2007; Sodhi and Kaur, 2006; Becue et al., 2007; Stauffer
et al., 2007; Sametband et al., 2007; Leggett et al., 2007;
Theaker et al., 2008; Liu et al., 2008).
With the development of modern science, nanometer-sized
materials have stepped into the ﬁeld of forensic science. Differ-
ent reagents based on various nanoparticles were studied to
increase the sensitivity, reduce background adsorption and
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was ﬁrstly recommended by Menzel and has taken been com-
monly used in the ﬁeld of bioimaging, instead of traditional
organic ﬂuorophores (Menzel et al., 2000a,b; Bouldin et al.,
2000; Menzel, 2001). Stable nanoparticle suspension was ob-
tained through using of PAMAM; however, the efﬁciency of
CdSe/PAMAM composites for ﬁngermark development was
low and it always took more than hours for one sample.
Time-resolved luminescence imaging system was also needed
after the ﬁngermark treatment process, which is complicated
and expensive. To overcome this concern, we have developed
mercaptoacetic acid-stabilized CdSe nanoparticle suspension,
which offers good image within 15 min for those ﬁngermarks
deposited on sticky side of adhesives (Shi et al., 2008; Wang
et al., 2009). This nanometer-sized material has a special char-
acter to recognize ﬁngermark residues and could give strong
ﬂuorescence when excited by 365 nm UV light. However, the
application and effectiveness were largely unexplored.
In this article, the effectiveness of mercaptoacetic acid-
stabilized CdSe nanoparticle suspension is focused on espe-
cially. Firstly, the suspension was applied on three kinds of
adhesives, including black electrical tape, normal adhesive tape
and yellow sealing tape, which are typical in our daily life.
Through the selective binding between nanoparticle and ﬁnger-
mark residue, ﬁngermarks on sticky sides of adhesives could be
developed clearly with minimal background development.
When illuminated with 365 nm UV light, most of the sticky
sides of adhesives are relatively dark, since CdSe nanoparticles
offer distinctive ﬂuorescence properties. It helped to raise the
contrast between residual compounds and background. Com-
paring to the traditional reagents which could only be used in
dark or light color substrites, there’s no need to concern about
the background color when CdSe nanoparticle suspension was
applied, because of its strong ﬂuorescence under UV light and
changing color under different illuminations. During the devel-
oping process, better selectivity was gained with the isolation
of mercaptoacetic acid and higher sensitivity was also acquired
with the great optical properties of CdSe nanoparticle. Our re-
sults also suggest that CdSe nanoparticle suspension could not
only work as a ﬂuorescent reagent, but also be an excellent
substitute to the white color SPR, which is currently used in
routine work.
2. Materials and methods
2.1. Reagents and equipments
Cadmium chloride, sodium sulﬁte, selenium, hydrochloric
acid, sodium hydroxide, ammonium hydroxide and methyl
violet 10B were obtained from Beijing Chemical Reagents
Company. Tween 20 was purchased from Guangdong Xilong
Chemical Company. Mercaptoacetic acid was purchased from
Alfa Aesar. Degussa P25 titanium dioxide was obtained from
Degussa. Tween 20 was of CP grade. All the other chemicals
were of analytical grade and were used as received without fur-
ther puriﬁcation.
2.2. Preparation of CdSe nanoparticles suspension
The CdSe nanoparticles were synthesized as follows:
Solution A: 0.03 mol Na2SO3 and 0.01 mol Se were dis-
solved in 150 ml distilled water. The mixture was heated toits boiling point and reﬂuxed for 5 h under nitrogen atmo-
sphere, stirring vigorously. Solution B: 0.002 mol CdCl2Æ2.5-
H2O was added into 240 ml distilled water and stirred for
30 min under nitrogen atmosphere. After the addition of
0.36 ml mercaptoacetic acid, the mixture was adjusted to pH
value of 8.2 ± 0.1 by 1 mol L1 NaOH and stirred for another
30 min under nitrogen atmosphere. Pour 12 ml Solution A rap-
idly into 240 ml Solution B. The resulting mixture was heated
to its boiling point and reﬂuxed for 2 h under nitrogen atmo-
sphere, stirring vigorously.
The XRD, HRTEM and ﬂuorescent spectroscopy of these
CdSe nanoparticles were reported in our former published arti-
cle (Shi et al., 2008). It showed that the formation of these
CdSe nanoparticles with an average size of 2–3 nm. Broad
emission spectra could be achieved under blue illumination
according to its ﬂuorescence spectra. The suspension is stable
for half a year or even longer when stored at room tempera-
ture. It can be applied to latent ﬁngermark directly. In addi-
tion, the depth of suspension should be more than 5 cm
when applied to latent ﬁngermark. It has great inﬂuence on
the ﬁnal image.
2.3. The development of ﬁngermarks using mercaptoacetic acid-
stabilized CdSe nanoparticle suspension
A multitude of surface substrates were chosen for the ﬁnger-
mark experiments. These includes non-porous surfaces, such
as CD, soft drink can, blue plastic, black plastic, aluminum
foil, microscope slide, black tile and white tile, and semi-por-
ous surfaces, such as black electrical tape, blue electrical tape,
yellow electrical tape, normal sticky tape, yellow sealing tape,
advertisement paper, painted wood and IP card. Here, black
electrical tape was an example of 16 kinds of surfaces to be
studied in detail.
The sebaceous ﬁngermarks were acquired from the 5
healthy donors by rubbing his dried and clean ﬁngers against
the forehead and stamping them onto the different substrates.
Cleaning process with soap and water is necessary before ﬁn-
germark deposition. All the ﬁngermark samples were left open
to the air for about 2 h before developing. Fingermarks from
different donors were also tested and similar results were ob-
tained. For the development with CdSe nanoparticle suspen-
sion, ﬁngermark samples were immersed into it directly
without any pretreatment. After 15 min or even longer, the
samples were taken out and rinsed gently with pure water 2
or 3 times. It can be dried under room temperature. The inﬂu-
ence of pH value was examined at 2, 3, 4, 5, 6, 7, 8, 9, 10 and
11. To explore the effect of Tween 20, different concentration
of Tween 20 were tested, according to the research works by
Saunders and Schnetz. These include 0%, 0.1% and 0.5%.
The middle print deposited in each set was bisected for
comparison between stabilized CdSe nanoparticle suspension
and other three different developing reagents in this study:
TiO2 SPR and Gentian violet. TiO2 SPR was prepared by a
method originally developed by Wei Xie (Xie et al., 2006).
Gentian violet was prepared by the method recommended by
Australian Federal Police.
The ﬁngermarks developed by C dSe nanoparticle suspen-
sion and Rhodamine 6G were excited by a Tektite 3C-8100-
UV LED with excitation wavelength of 365 nm in a dark
room. Then the detection pictures were taken by a Nikon
D80 digital camera with a Nikon 60 mm 60F/2.8D Macro
Figure 1 Comparison of ﬁngermarks on the sticky side of yellow
tape under different Tween 20 concentrations (left: without Tween
20; middle: 0.1% Tween 20; right: 0.5% Tween 20).
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could be obtained under as more different illuminations as
possible, which is good for more people to beneﬁt from this
developing solution. To investigate this further, 4 excitation
modes were employed to the 16 kinds of substrates: 365 nm,
415 nm, 440 nm and daylight. The blue and white illumina-
tions were given by JingyanE-7F multi-band forensic light
source (Beijing LongHope Police Equipment Company).
Digital images in 24-bit-color JPG format were transferred
to a computer for further analysis and processing. MS Paint
in Window XP was used to determine the scale of image and
select region of interest. No subjective intensity or contrast
enhancement was applied to any reported images in this study.
3. Result and discussion
3.1. Optimization of developing procedure for sticky side of
adhesives
3.1.1. Effect of developing time
The necessary time of immersion was different for latent ﬁn-
germarks on different types of substrates. It was found that
an obvious ﬁngermark image was gained after immersion of
5 min, as for the 2-h old latent ﬁngermark deposited on sticky
side of adhesives. With the spans between about 5–15 min, sig-
niﬁcant enhancement was observed, with little background
staining. A good and uniform development was obtained if
the object was immersed for more than 15 min. The long
immersion time (more than 30 min) was required for 1-day
old ﬁngermark. If the ﬁngermark was older than 1 month,
the immersion involved hours. Time of immersion could be
controlled optically by visualization. An overnight immersion
is necessary if ﬁngermark were left open to the air for 6 days
or longer. As a colloidal solution, the CdSe nanoparticles will
stay suspended in solution and be stable for at least several
months, so we do not have to worry about the background
staining for times ranging from a few hours to a few days,
when ﬁngermarks were deposited on sticky side of adhesives.
A 2–3 min wash can be employed if necessary; the object could
be shaken gently during rising.
3.1.2. Effect of Tween 20
For most of the suspensions that are used for ﬁngermark
developing, physical adherence is the main reason for develop-
ing and the detergent Tween 20 plays an important role in sta-
bilizing the suspension as well as avoiding a certain
background noise, especially for those large and inhomoge-
neous particles. A lot of efforts have been put on looking for
a proper concentration of Tween 20 for different suspensions.
Saunders recommended 0.5% concentration (Saunders, 1989).
Schnetz though it’s much too high for colloidal gold and pre-
ferred 0.1% w/v (Schnetz et al., 2001). Here we employed both
of them two in latent ﬁngermark developing and compared re-
sults to the one developed by CdSe nanoparticle suspension
without Tween 20. Good results could be obtained regardless
of concentration of Tween 20. It mainly because the ionization
of mercaptoacetic acid gives nanocomposites the same electric
charge, prevents them from accumulation, and eventually per-
mits background suppression. In additional, the small size of
these CdSe nanoparticles, which is 2–3 nm, also increases the
probability of random walk and Brownian motion. It indi-
cated that mercaptoacetic acid on the nanocomposite couldtake instead of Tween 20 and give the suspension enough sta-
bility. This can be experimentally demonstrated in Fig. 1.
3.1.3. Effect of pH value
When considering the effect of pH value, different conditions
from acidic to basic were tested. pH value was adjusted by
adding 0.1 mol L1 hydrochloric acid or 0.1 mol L1 sodium
hydroxide solution. After adjusting, CdSe nanoparticle solu-
tions were used in latent ﬁngermark developing directly. The
results indicated that pH 8, which is weakly basic conditions,
emerged as the best pH value. The most sensitive reagent could
be obtained under this condition. This ﬁnding is in line with
the theory that strongly acidic conditions will make solution
unstable and strongly acidic or basic conditions will dissolve
the organic ﬁngermark residues. Neutral conditions or weakly
basic conditions offered a proper circumstance to both of the
reagent and targets.
3.2. Fingermark detection by CdSe nanoparticle suspension
3.2.1. Selectivity comparison with SPR
The primary purpose of experiment is the production with
good photoluminescence property, which could make latent
ﬁngermark visible under long UV illumination. While, quite
good ﬁngermark images could also be obtained under some
other illuminations, even under daylight, because of nanopar-
ticles’ optical characteristics, such as transmission and reﬂec-
tion, absorption and scattering. It is preferred for ﬁngermark
developing studies and practical works where UV light source
is in lack of sometime.
As CdSe nanoparticles suspension could work under day-
light and be regarded as super SPR, selectivity comparison
of CdSe super SPR with TiO2 SPR was performed on sticky
side of black electrical tape, see Fig. 2. The image shows that
CdSe super SPR could produce better-deﬁned boundary be-
tween ridge and valley areas of the ﬁngermark. Two distinct
areas of ﬁngermark, which are the shiny part and shaded part,
are respectively ﬁngermark ridges and ﬁngermark valleys. It
Figure 3 Fresh ﬁngermarks on the sticky-side of black electrical
tape developed with CdSe nanoparticle suspension: (a) 365 nm
UV, (b) 440 nm blue light and (c) daylight.
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tion. Almost no nanoparticles in the valley region of treated
ﬁngermark were apparent to the naked eye when CdSe super
SPR was applied. Higher contrast was achieved by using it.
Meanwhile, the image was of much higher quality, because
the nano size of the CdSe particles improved the effectiveness
with which particles adhered to ﬁngermark ridges. Comparing
to the left part of Fig. 2, more tertiary-level details could be ob-
tained in the right part, such as the shape and position of sweat
pores. Thus, CdSe nanoparticles have much higher selectivity.
3.2.2. Comparison of ﬁngermark images acquired with different
illuminations
According to the excitation spectrum and emission spectrum,
most of the ﬂuorescent ﬁngermark reagents could only be used
under a certain illumination. For those who develop the latent
ﬁngermarks with their natural color, they could only be uti-
lized on light color substrates or dark color substrates. These
special conditions greatly reduced scope of their application.
Whether or not one ﬁngermark reagent could be applied under
different excitation illuminations was explored in this part.
Fig. 3 shows the fresh ﬁngermark deposited on sticky side of
black electrical tape. Experiments were performed under dif-
ferent illuminations. Good labeling of ﬁnermarks could be ob-
tained under 365 nm UV, 440 nm blue light and daylight.
Differential optical characters (including acceptable weak ﬂuo-
rescence, strong diffusion and diffuse reﬂection) and natural
color were utilized during this procedure. As a simple and sin-
gle ﬁngermark reagent, CdSe nanoparticle suspension could
help to give good ﬁngermark images under different condi-
tions. Note that similar performances were also observed
regardless of type of substrates. Despite the relatively low ﬂuo-
rescence intensity of Rhodamine 6G, CdSe nanoparticle sus-
pension provided more choices of light sources for practical
works.
3.2.3. Comparison with gentian violet
Results of previous experiments indicated that CdSe nanopar-
ticle suspension had a particular effectiveness to the ﬁnger-Figure 2 Fresh ﬁngermark on the sticky-side of black tape
treated with different methods (left: TiO2 SPR; right: CdSe
nanoparticle suspension).marks deposited on adhesive side of tapes. While, gentian
violet is known as the primary choice for it in practical works
(Lee and Gaensslen, 2001). It is a staining solution containing
crystal violet, which can be absorbed onto lipid constituents in
a ﬁngermark. To test which is the better choice for ﬁngermarks
on adhesive side of tape, comparison experiments of CdSe
nanoparticle suspension with gentian violet were performed.
On adhesive side of yellow sealing tape, gentian violet showed
better performance than the novel reagent under daylight,
which yielded less visible image due to its similar color to the
background; while, CdSe nanoparticle suspension successfully
developed latent ﬁngermark with strong contrast and good
ridge detail under long UV illumination, neither did gentian
violet in the same condition nor under daylight. Similar results
were gained on the adhesive side of other light-color tapes. On
the adhesive side of black electrical tape, the self-color of CdSe
nanoparticles can produce enough contrast under daylight, so
does its ﬂuorescence under long UV light (Fig. 4). It worked
pretty well on adhesive side of black electrical tape or some
other dark-color tapes regardless of illumination. On the con-
trast, gentian violet is inefﬁcient for the substitute. In addition,
the use of phenol and necessity of fresh working solution madeFigure 4 Comparison of ﬁngermarks on the stickyside of black
tape treated with methyl violet and CdSe nanoparticle suspension:
(a) treated with methyl violet under daylight; (b) treated with
mercaptoacetic acid-stabilized CdSe nanomaterials under daylight
and (c) treated with mercaptoacetic acid-stabilized CdSe nanom-
aterials under UV light.
Table 1 Comparison of ﬁngermarks on different surfaces (–, very poor; +, weak; ++, moderate; +++, strong).
Substrates Best illumination (nm) Results Substrates Best illumination (nm) Results
Sticky side of black electrical tape 440 +++ Painted wood 365 ++
Sticky side of blue electrical tape 365 +++ Black tile 365 +++
Sticky side of yellow electrical tape 415 +++ White tile – –
Sticky side of normal adhesive tape 365 +++ IP card 365 +++
Sticky side of yellow sealing tape 365 +++ Blue plastic 365 +
Soft drink can 365 ++ Black plastic 365 +++
Advertisement paper 415 ++ Aluminum foil 415 ++
CD 415 +++ Microscope slide 365 ++
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pension will be an ideal substitute for gentian violet to ﬁnger-
marks deposited on stick side of tapes.3.2.4. Labeling of ﬁngermarks on different substrates
To explore the application scope of CdSe nanoparticle suspen-
sion on latent ﬁngermark development, 16 non-porous substi-
tutes and 4 illuminations were employed in comparison. Table
1 shows the results of experiments. Images were achieved un-
der best illumination. The performance on each surface is
based on the characteristics of (a) sharpness and detail, and
(b) lack of background staining. It illustrated that the CdSe
nanoparticle suspension was suitable for most of the non-por-
ous surfaces, in particular, the sticky side of adhesives. Blue
illumination worked as well as long UV on many surfaces.
Only white tile among 16 substitutes is not ﬁt for CdSe nano-
particle suspension due to its strong background ﬂuorescence.4. Conclusion
The application method of CdSe nanoparticles suspension for
5–15 min under controlled pH value can produce high-quality
development with the beneﬁts of simplicity, quickness and lit-
tle danger in destroying the contrast. The experimental results
showed that Tween 20 had little effect on reducing background
staining. Fingermark images can be obtained under daylight,
long UV and blue illuminations. CdSe nanoparticle suspension
produced more detailed ridges when compared to the normal
SPR under daylight. Both of gentian violet and CdSe nanopar-
ticle suspension could produce at least satisfactory perfor-
mance on sticky side of light-colored tapes; while, the latter
worked signiﬁcantly better on dark-colored tapes.Conﬂict of interest statement
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